We consider small unmodulated input signals of equal amplitude injected into the laser diode: Usually, spontaneous effects can be ignored, but we retain the terms related to fi in case its effect becomes important. When the number of subcarriers is large., such as in SCM optical communication systems, the laser is biased far away from threshold, the terms related to fl may be ignored, and eqn. 12 simplifies to eqn. 5.
Introduction: Owing to the electrical characteristics of MOS transistors, many parasitic capacitors exist inside a CMOS gate, e.g. C,, C, . There w i l l thus be current flowing if the voltage drop across two terminals of the MOS transistor changes. The gate terminal of MOS transistors is in general the controlling terminal, so we assume that the current flows only when the inputs of this gate change, which means that the leakage currents are neglected. The current supplied by the VDD bus consists of three components: differential gate capacitor current, charging current of the load capacitance, and short-circuit current. The fist component will exist if the input changes state. This component is negative if the input increases, and is positive if the input decreases. The last two component exist only when the gate changes state. In previous studies [l-31, only the last components are considered.
Model deoelopment: We describe the current model by using a circuit as an example, which is shown in Fig. 1 B of this two-input NOR gate be connected to V,,, so the NOR gate will not change state, regardless of the state in which the other input A is. If the primary input of the circuit increases from 0 to SV, then the output of the first inverter will decrease. As a result, the second inverter will change state, meanwhile the NOR gate will remain unchanged. There are five currents drawn from the V,, bus, shown in this Figure. Therefore the total current I,,,,, drawn from the V,, bus is (ii) Charging c w e n t : Because the total charge transferred to the load capacitor is Q = V,, . C , , the charge can be calculated as Q = V,, . C,. T. and T. are the times at which the output signal begins and ends, respectively. Peak current occurs when the slope of the output is at its maximum. Consequently, T, is the time at which the output is -2.5 V.
(iii) Short-circuit current: The analytical solution of this current can be obtained only when the gate is a CMOS inverter gate under certain assumptions. Therefore the total charge must be measured using SPICE as where Q,,,,, and Q , are the charges due to the differential and charging currents, respectively. T. and T. are the times when the difference between the input and the output is 4 or -4V assuming that ~k & l =~V m l = l V . T, is the time at which the input and the output voltage are equivalent.
We attempt to calculate each current component when processing every event, and then the total current can be obtluned by summing these current components. Glitch. The accuracy of the current simulation depends strongly on the voltage waveforms. A glitch may occur when two adjacent events are so close that the second event occurs before the first event ends. Glitches may draw significant amounts of current and should not be neglected. When calculating the current waveform resultmg from the first event, we assume that t h s event can reach its final state, so that the whole current waveform can be obtained. However, b e c a w the second event occurs before the first event ends, the current waveform is cut at the time at which the second event occurs. We approximate the current waveform resulting from the second event according to the peak ratio V,/V,,, where V, is the voltage swing of the glitch.
Results and conclusions: This model has been tested extensively for basic modules such as counters, decoders, adders and ALUs. Table 1 . The CPU time consists of the length of time the timing simulator BTS was used and that the current calculation was carried out. Because BTS considers the effects of the internal charges, the simulator is not as fast as other timing insulators, but the waveforms it obtains are more accurate. This is very important because the accuracy of the current waveform calculation is strongly coupled to that of the timing information. Three error values, DC, Max-I, and Max-T, are also listed. The DC error is the relative error regarding the average current I,, sp,cK and I,,, , ErS. Max-I is the relative error regarding the value of the peak current I , .
SF,?-and I, , , Max-T is the absolute error regarding the tune at whch peak current occurs. The results are accurate.
A current model is presented which can be used to generate the time-domain transient current waveforms in the power bus lines. The simulated waveforms in general do not differ by more than 10% from those simulated by SPICE. Its speed is 102-103 times faster than that of SPICE for circuits with hundreds of transistors, and the speed ratio is expected to be even more significant for larger-scale circuits. At the cost of smaller speed ratio, the results are more accurate, especially the times at which peak current occurs. A sensitivity analysis of 0.1 pm MOSFETs to manufacturing fluctuations has ban carried out. The analysis revcals that the electrical parameter sensitivity in deep submicrometre devias Mm Irom the currently produd micrometre sizc devices, making a revision of the validity of conventional semiconductor manufacturing heuristics for future technology mandatory.
Introduction: Several 0.1 pm MOSFETs have been designed and manufactured [l-41, providing reason to suspect that commercial production at this level may come to fruition in the future. While the published results claim improved device electrical characteristics, these device dimensions raise the important practical question as to whether it will be possible to reproduce these devices in larger batches. The development of equipment and techniques has been necessarily directed towards improvement of the processing steps, which proved to be crucial to the proper functioning of the device. This involves gaining better control over those proass parameter fluctuations, to which the electrical device parameters are more sensitive. With the down-scaling however, some physical effects may become more pronounced and dominant over others, changing the effect of manufacturing fluctuations on the device. To improve our understanding of deep submicrometre devices, a study on the device parameter sensitivity to random fluctuations of processing parameters has been carried out for 0.1 pn MOSFETs.
Analysis and results:
The analysis was based on typical fluctuations found in semiconductor manufacturing, as shown in Table 1 . It consisted of varying a processing parameter by two standard deviations (2) on either side of the recipe value, and simulating the device characteristics using the MINIMOS [SI device simulator. The simulation accuracy for small devices was verified previously by comparison with experimental results'. The processing parameters used were gate oxide thickness and charge, gate length, substrate concentration; and for each of the implants (threshold voltage adjustment and source/drain extmsion) dose, energy, annealing temperature and time. The simulations were repeated for each of the following electrical device parameters: threshold voltage, transconductance and drain current at V, = 0 (off-current).
The resulting device parameter values were linearly fitted, and the normalised values of the slop, which are the sensitivity rates, were multiplied by the fluctuation range of the corresponding process parameters, to obtain the effective device parameter fluctuation. As a reference for comparisons, the effective fluctuations of a typical 1.5pm device were also determined, and plotted together with the results of the 0.1 pm device in the histograms, which are shown in Fig. 1 .
As can be seen from Fig. 1 , the effective fluctuations of the device parameters, caused by the process parameter fluctuations, are larger in the deep submicrometre device in most of the cases. Undoubtedly, the fluctuations of the gate oxide thickness showed the largest influence on all three device parameters considered, producing four-times larger fluctuations of threshold voltage and transconductance in the deep submicrometre device, than in its micrometre sized counterpart.
The second most influencing process parameter is the channel length. Whereas the effect of the channel length flu0 tuations on the transconductance was similar in magnitude for both device sizes under scrutiny, its effect on threshold srr~, R., DIMITRUEV, s., and HARRISON 
